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MASTER QUEUE FOR MESSAGING SERVICE 

FIELD OF INVENTION 

[0001] The ?eld of invention relates generally to the 
software arts, and, more speci?cally, to a master queue for 
a messaging service. 

BACKGROUND 

[0002] Component based softWare environments use gran 
ules of softWare (referred to as “components” or “compo 
nent instances”) to perform basic functions. In object ori 
ented architectures, a component instance may be 
constructed from one or more object instances. The func 
tional granularity offered by a plurality of different compo 
nents provides a platform for developing a multitude of 
more comprehensive tasks. Some examples of component 
based architectures include Java 2 Enterprise Edition 
(J2EE), Common Object Request Broker Architecture 
(CORBA), Component Object Model (COM) and Distrib 
uted Component Object Model (DCOM) among others. 

[0003] A container is a type of softWare platform that 
largely de?nes the operating environment of the softWare 
components that it “contains”. The platform or operating 
environment de?ned by a container is usually at least 
partially de?ned by a set of “services”. For example, in the 
case of a J2EE container, the layer of services offered by the 
J2EE container include a Java Naming and Directory Inter 
face (JNDI) service, Java Database Connectivity (JDBC) 
service and a Java Messaging Service (JMS) among others. 

[0004] FIG. 1 shoWs an exemplary implementation of a 
physical machine 101 (e.g., a computer) having a plurality 
of containers 103_1 through 103_Z. Each container 103_1 
through 103_Z is depicted as containing its oWn respective 
application softWare programs 106_1 through 106_J and 
107_1 through 107_K that, in the case of a component based 
environment are each constructed from their oWn respective 

component instance(s). 
[0005] For example, in the case of J2EE EJB containers, 
application programs are made of one or more Enterprise 
Java Bean (EJB) component instances, or, in the case of 
J2EE Web containers, application programs are made of one 
or more Java servlet component instances and/ or Java Server 

Pages (J SPs) (for Web containers). A Java servlet is used to 
support the invocation of functional task(s) called from a 
Web page (such as a JSP) that has been doWnloaded to a 
client computer. A Web page is a text document typically 
Written in a markup language (such as HTML or XML). 

[0006] Each container 103_1 through 103_Z is depicted as 
having its oWn associated layer of services 104_1 through 
104_Z. A messaging service 105_1 through 105_Z is 
depicted as being associated With each container’s respec 
tive layer of services 104_1 through 104_Z. In component 
based architectures, a messaging service is a body of soft 
Ware (“program code”) that is responsible for the delivery of 
a message to the component to Which the message has been 
sent. As such, messaging service 105_1 is responsible for the 
delivery of messages to applications 106_1 through 106_J, 
and, messaging service 105_Z is responsible for the delivery 
of messages to applications 107_1 through 107_K. 

[0007] The applications observed in FIG. 1 may receive 
messages, for instance, as a consequence of component-to 
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component messaging (e.g., a ?rst component invokes a 
method performed by a second component), or, Web page to 
component messaging. In the case of J2EE, the messaging 
services 104_1 through 104_Z correspond to instances of the 
Java Messaging Service (JMS). Note that each messaging 
service 105_1 through 105_Z may be different instances of 
the same program code. Each messaging service instance 
may also support the sending of messages from the appli 
cations of its respective container to destinations residing 
outside its respective container. 

[0008] A pertinent feature of an operational messaging 
service is its performance (e.g., hoW quickly it can deliver 
messages to the proper recipients) as measured against the 
resources its consumes. In the case of messaging services 
105_1 through 105_Z, their ability to quickly deliver mes 
sages to their respective recipient applications (“consum 
ers”) depends on Where the messages are located at the time 
the messages are to be forWarded from the service to the 
application. Speci?cally, message delivery Will be much 
faster if the message is “cached” Within the physical 
machine’s memory 102 rather than being persisted in a 
persistence layer. The persistence layer may, for instance, 
include one or more remote databases 109 (or simply remote 
database 109) that stores persisted versions of received 
messages. Remote database 109 is assumed to be commu 
nicatively coupled to physical machine 109 either directly or 
through a netWork. 

[0009] Because the physical memory 102 of the machine 
is limited, and because other more important (or equally 
important) softWare functions consume the physical memo 
ry’s resources, the amount 108 of physical memory that is 
made available for the message service instances 105_1 
through 105_Z is limited to some percentage of the com 
puting system’s overall amount of memory. Thus, there 
exists the challenge of trying to ensure that messages are 
cached rather than persisted When needed for delivery to a 
consumer in cases Where the amount of memory allocated to 
the message service for caching is insu?icient to store all 
messages Waiting to be delivered to their respective con 
sumer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] The present invention is illustrated by Way of 
example and not limitation in the ?gures of the accompa 
nying draWings, in Which like references indicate similar 
elements and in Which: 

[0011] FIG. 1 (prior art) shoWs a physical machine having 
container instances that each provide a messaging service; 

[0012] FIG. 2 shoWs a messaging service architecture; 

[0013] FIG. 3 shoWs a detailed perspective of a messaging 
service instance; 

[0014] FIG. 4 shoWs a method for delivering messages to 
a consumer; 

[0015] FIG. 5 shoWs a method for con?rming successful 
or unsuccessful delivery of a message; 

[0016] FIG. 6 shoWs a method for handling the arrival of 
a neW message for delivery to a consumer; 

[0017] FIGS. 7a and 7b demonstrate the expansion of a 
master queue blank into a plurality of master queue sub 
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stantive entries, and, the compression of a number of master 
queue substantive entries into a master queue blank; 

[0018] FIG. 8 shows a method for modifying the number 
of master queue entries for a consumer as a function of the 

consumer’s consumption rate; 

[0019] FIG. 9 shoWs a method for modifying the number 
of master queue entries for a consumer as a function of the 
consumer’s consumption rate and the distance to the nearest 
forWard blank Whose range covers messages Waiting to be 
delivered to the consumer; 

[0020] FIGS. 10a and 10b shoW a technique for caching 
messages that are about to be delivered to a consumer While 

conserving memory usage; 

[0021] FIGS. 11a and 11b shoWs a technique for servicing 
multiple consumers While conserving memory resources; 

[0022] FIGS. 12a and 12b shoW a pair of neighboring 
blanks being compressed into a single blank; 

[0023] FIG. 13 shoWs a physical machine having multiple 
server instances Which each possess multiple containers; 

[0024] FIG. 14 shoWs a memory management hierarchy 
scheme that contemplates the physical machine of FIG. 13; 

[0025] FIG. 15 shoWs a depiction of a computing system. 

DETAILED DESCRIPTION 

Messaging Service Architecture 

[0026] FIG. 2 shoWs a messaging service architecture that 
attempts to deliver cached messages from memory to a 
consumer (rather than, for instance, from a database or hard 
disk ?le), While, at the same time, conserving the use of 
memory resources. For simplicity, the term consumer shall 
mean an application consisting of more than one softWare 
component, or, a singular softWare component (e.g., a single 
EJB). 
[0027] Like FIG. 1, FIG. 2 shoWs a plurality of containers 
203_1 through 203_Z implemented by a physical machine 
201, and, messaging service instances 205_1 through 205_Z 
associated With layers of services 204_1 through 204_Z 
offered by respective containers 203_1 through 203_Z. Each 
messaging service instance delivers messages to its respec 
tive applications Which are contained by its respective 
container. For instance, messaging service instance 205_1 
delivers messages to applications 106_1 through 106_1 
Which are contained by container 203_1 (likeWise, messag 
ing service instance 205_Z delivers messages to applications 
107_1 through 107_K Which are contained by container 
203_Z). 
[0028] The portion of the physical machine’s memory 202 
that is allocated for the caching of messages Waiting to be 
delivered to their respective consumer(s) is shoWn as 
memory portion 208. An external database 209 is also 
shoWn. Importantly, each messaging service instance 205_1 
through 205_Z attempts to ensure that messages delivered to 
their respective consumers are delivered from memory 208 
rather than database 209. 

[0029] As depicted, each messaging service instance 
205_1 through 205_Z has its oWn respective master queue 
210_1 through 210_Z located in memory portion 208. Each 
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messaging service instance 205_1-205_Z also has its oWn 
respective statistics manager 211_1-211_Z, storage manager 
212_1-212_Z and memory manager 213_1-213_Z. Each 
messaging service instance also maintains a history and 
cursor component pair for each application Within its respec 
tive container (i.e., messaging service instance 205_1 main 
tains history and cursor component pairs 214_11-214_11 for 
applications 106_1 through 106_1, respectively . . . messag 
ing service instance 205_Z maintains history and cursor 
component pairs 214_Z1 through 214_ZK for applications 
107_1 through 107_K, respectively). 
[0030] The master queues 210_1 through 210_Z contain 
cached messages destined for applications Within their 
respective containers 203_1 through 203_Z. As Will be 
explained in more detail With respect to FIG. 3, the messages 
Within each master queue 210_1 through 210_Z are orga 
niZed according to the manner in Which the database 209 has 
been organiZed to store persisted versions of the messages 
that are kept in the master queues. For the sake of example, 
as a simple implementation, it may be assumed that each 
message that is cached in a master queue also has a corre 
sponding persisted copy Within database 209. 

[0031] The statistics manager of a messaging service 
instance (e.g., statistics manager 211_1 of messaging service 
instance 205_1) is responsible for monitoring various opera 
tional parameters associated With its respective messaging 
service instances. For example, according to one implemen 
tation, the statistics manager measures: (i) the rate at Which 
each one of its respective consumers is asking for neW 
messages; (ii) the time that is expected to elapse (or alter 
natively, the number of cached messages that can be deliv 
ered before a non cached message is reached), for each one 
of its respective consumers, before messages that are not 
currently cached Will need to be delivered, and, (iii) the siZes 
of the master queues being utiliZed by other messaging 
service instances. 

[0032] The storage manager of a messaging service 
instance (e.g., storage manager 212_1 of messaging service 
instance 205_1) is responsible for basic operational tasks 
that pertain to its corresponding master queue or to the 
database 209. Such tasks may include: (i) persisting neWly 
arriving messages in the database 209; and, (ii) adding 
neWly arriving messages to the messaging service’s master 
queue if suf?cient memory space exists. According to a 
further implementation, the storage manager of a messaging 
service instance is also responsible for taking certain actions 
With respect to its corresponding master queue 210 in light 
of the parameters being measured by its corresponding 
statistics manager. Examples include evicting certain mes 
sages from the master queue to database 209 and/or calling 
up certain messages from database 209 into a master queue. 

[0033] The memory manager of a messaging service 
instance (e.g., memory manager 213_1 of messaging service 
instance 205_1) is responsible for requesting additional 
memory resources to be allocated to its respective messag 
ing service instance’s master queue. As elaborated on in 
more detail beloW With respect to FIGS. 13 through 15, the 
memory managers of the various messaging service 
instances are organiZed in a collective hierarchy so that 
memory allocation devoted to messaging services can be 
readily determined across a Wide range of possible perspec 
tives (e.g., per messaging service instance, per container 
instance, for the physical machine as a Whole, etc.). 
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[0034] FIG. 3 shows a more detailed depiction of the 
master queue structure 310 for a single messaging service 
instance. Speci?cally, master queue 310 is part of a mes 
saging service instance that includes history and cursor 
component pairs 314_1, 314_2. For ease of drawing, the 
messaging service instance is depicted as presently servicing 
only tWo consumers 306_1 and 206_2. In practical imple 
mentation it is expected that many more consumers could be 
serviced by a single messaging service instance, hence, it is 
expected that a single messaging service instance Would 
have many more history and cursor component pairs than 
the just the pair 314_1, 314_2 depicted in FIG. 3. 

[0035] As discussed above, the master queue 310 corre 
sponds to the message service instance’s cache and is 
depicted as containing thirteen cached messages M1 through 
M13. Each of these messages have yet to be successfully 
delivered to their respective consumers (Which may be one 
or both of applications 306_1 and 306_2). Recall that, 
according to a simplistic perspective, cached messages are 
also persisted in database 309. As such, FIG. 3 also shoWs 
the database 309 as containing respective persisted versions 
M1_P through M13_P of messages M1 through M13. As 
Will be elaborated on in more detail beloW, note also that the 
database contains “non-cached” messages MA through M] 
which are also destined for delivery to either or both of 
consumers 306_1 and 306_2. 

[0036] According to the exemplary depiction of FIG. 3, 
the database 309 can be vieWed as being sub-divided into 
logical regions, Where, each region contains messages of a 
speci?c priority. Speci?cally, messages M1_P through 
M3_P are associated With a ?rst priority level P1; messages 
M4_P through M6_P, MA through MC, and M7_P, M8_P 
are associated With a second priority level P2; messages 
M9_P, MD through MG, M10_P, MH through M], and 
M11_P are associated With priority level P3; and, messages 
M12_P and M13_P are associated With priority level PT. 
According to one vieW priority level P1 is higher than 
priority level P2, priority level P2 is higher than priority 
level P3, etc., and priority level PT is the loWest priority 
level. Here, higher priority messages are supposed to exhibit 
loWer transportation latency processing by the message 
delivery system than loWer priority messages. Thus, if 
multiple messages across different priority levels are Waiting 
to be delivered, the messaging service instance is geared to 
deliver the higher priority messages before the loWer priority 
messages. 

[0037] The master queue 310 is designed to re?ect the 
priority-level organization of the database 309. According to 
one implementation, cached messages from a same priority 
level are referenced through a (double-) link list that is 
created for that priority level. Thus, as seen in FIG. 3, a ?rst 
link list 350 for priority level P1 is used to cache messages 
M1 through M3, a second link list 351 for priority level P2 
is used to cache messages M4 through M8, a third link list 
352 for priority level P3 is used to cache messages M9 
through M11, etc., and a Tth link list 353 for priority level 
PT is used to cache messages M12 and M13. As is knoWn 
in the art, a double-link list is a chain of elements stored in 
memory Where an element in the chain contains information 
that helps identify Where the next element and the previous 
element in the chain can be found in memory. 

[0038] With respect to the link list observed Within the 
master queue 310, each chain element corresponds to either 
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a message or a “blank”. Ablank element is a link list element 
used to represent persisted but non cached messages (i.e., 
messages that are kept in database 309 but have no corre 
sponding copy in master queue 310), Where, the priority 
level of these messages are the same as that of the link list. 
For instance, comparing both the database 309 and the 
master queue 310, note that: 1) blank element B1 in P2 link 
list 351 is used to represent messages MA through MC; 2) 
blank element B2 in P3 link list 352 is used to represent 
messages MD through MG; and, 3) blank element B3 in P3 
link list 352 is used to represent messages MH through M]. 

[0039] Here, not only is the database 309 assumed to be 
divided into logical regions based on priority level, but also, 
the persisted messages Within a database priority level are 
also assumed to be ordered according to some algorithm or 
scheme. For instance, each database priority level is vieWed 
as a FIFO “stack” Where later arriving messages are located 
beneath earlier arriving messages (e.g., referring to priority 
level P1, message M1 arrived before message M2, Which 
arrived before message M3). 

[0040] VieWing the database 309 of FIG. 3 according to 
this perspective, the messages are ordered in the database 
309 according to the manner in Which they should be 
delivered to their corresponding consumers. Speci?cally, 
higher messages in the list of messages observed in the 
database 309 should be delivered before loWer messages in 
the list (because higher priority messages are listed above 
loWer priority messages, and, Within a priority level, later 
arriving messages are listed beloW earlier arriving mes 
sages). 
[0041] The location of the one or more blanks Within a link 
list respects the ordering Within the database. For instance, 
blank B1 of P2 link list 350, Which represents messages MA 
through MC, is inserted betWeen message element M6 and 
message element M7, Which, corresponds to the ordering 
observed in database 309. The contents of the master queue 
310 can therefore be vieWed as a “snapshot” of the contents 
of the database 309. 

[0042] According to one approach, the memory address 
values Where the individual cached messages M1 through 
M13 are actually stored in memory are determined by 
hashing a PCounter value. A PCounter (Which stands for 
Priority Counter) value is essentially a unique numeric 
identi?er for a message, formed by the concatenation of a 
one-digit priority number and a sequential number (i.e. a 
counter incremented by one for every next message). 
According to a further approach, each cached message may 
be divided into a header part and a message body part, each 
separately accessibleithe headers through a double-link list 
and the bodies through a hash table With PCounter as the 
key. Here, the messaging service (and/or other services 
and/or applications) may desire to perform operations With 
the message headers only. Because message headers typi 
cally consume much less memory space than message 
bodies, these operations can be performed With cached 
header information even if there Was not enough room to 
cache the message bodies themselves. For purposes of this 
application, the term “message” means at least a message 
body. 

[0043] Each cursor component 321_1, 321_2 contains a 
respective table of references (reference arrays 322_1, 
322_2) that each contain a collection of references to 
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messages Within the master queue 310 and is organized by 
message priority (like the master queue 310 and database 
309). According to one implementation, there exists only 
one reference into the master queue 310 per reference array 
priority level, Where, each such reference points to the ?rst 
message in the master queue’s corresponding link list (at the 
same priority level) that is directed to the reference array’s 
corresponding consumer. An example is observed in FIG. 3 
Where the P1 priority level for the reference array 322_1 for 
consumer 306_1 contains a reference REF_1 to message M1 
in the P1 link list 350 of the master queue 310, While, the P1 
priority level for the reference array 322_2 for consumer 
306_2 contains a reference REF_2 to message M2 in the 
same P1 link list 350. Here, message M1 is intended for 
consumer 306_1 While message M2 is intended for con 
sumer 306_2. Con?guring references in this manner permits 
a faster jump to the correct memory location for a particular 
message as described beloW With respect to FIG. 4. 

[0044] FIG. 4 shoWs a method for delivering messages to 
a consumer. According to the methodology of FIG. 4, the 
consumer component for a particular consumer (e.g., con 
sumer component 321_1 for consumer 306_1 or consumer 
component 321_2 for consumer 306_2) Walks through the 
master queue 310 on behalf of its consumer (by advancing 
a pointer or “cursor”326, 327 against its corresponding 
reference array 322_1, 322_2), link list element by link list 
element 405, 406, 407, until a link list element is reached 
408, 409 that corresponds to a message that is to be delivered 
to the consumer for Whom the storage component manager 
is acting (here, because a single master queue may service 
multiple consumers, a single link list may contain the 
messages for a number of different consumers). If no link list 
element is found for the consumer When the end of the link 
list is reached 404, the cursor is dropped to the next loWest 
priority level 401 that does not contain a NULL value 402 
and fetches the message 403 that is referenced by the entry 
found in the reference array at the next loWest priority level 
that does not contain a NULL value. 

[0045] While processing a particular link list, if the next 
link list element that corresponds to a message for a par 
ticular consumer is ?ve elements doWn the link list chain 
from the element Where the cursor is presently pointed, the 
cursor component Will have to Walk through ?ve link list 
elements before it can gain access to and deliver this 
message to the consumer. While the elements Within a link 
list are being analyZed by a consumer component, the 
information Within a link list element points to the next 
element in the link list. Therefore, the consumer component 
can determine Which element is the “next” element in the 
link list by referencing the information kept at the element 
in the link list to Which the cursor is currently pointed. 

[0046] As observed in FIG. 4, if the next link list element 
that corresponds to a message destined for the consumer is 
a blank 407, the cursor component causes the message to be 
retrieved 409 from the database 309 (i.e., a cache miss has 
occurred). By contrast, if the next link list element that 
corresponds to a message destined for the consumer is an 
actual message 405, 407, the cursor component causes the 
message to be retrieved 409 from memory 308 and delivered 
to the consumer (i.e., a cache hit has occurred). As discussed 
at length above, the messaging service is designed to prevent 
retrieval 409 from the database 309 and promote retrieval 
408 from memory 308. 
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[0047] As alluded to above, having a reference array 
priority level reference the ?rst message in the link list that 
is destined for the reference array’s corresponding consumer 
(i.e., the ansWer to inquiry 402 is “no”) permits the cursor 
component to avoid Wasteful steps through the link list and 
immediately retrieve a message 403 from memory 308. For 
example, as observed in FIG. 3, the presence of REF_3 
causes cursor component 321_1 to avoid having to consider 
messages M4 and M5 (Which are destined for consumer 
306_2) before delivering message M6 (Which is the ?rst 
message at priority level P2 destined for consumer 306_1) to 
consumer 306_1. 

[0048] If no messages are to be delivered to a reference 
array’s consumer at a speci?c priority level, a NULL value 
is entered in the reference array at that priority level. An 
example is observed in reference array 322_2 at the Tth 
priority level PT. Here, neither of messages M12 or M13 are 
destined for consumer 306_2, therefore, no reference should 
be made into link list 353 from reference array 322_2. As 
observed in FIG. 4, reference array priority levels having a 
NULL value are essentially “skipped over”402 by the cursor 
until a priority level is reached having a reference into the 
master queue 310. 

[0049] According to one design approach, a reference 
array entry cannot reference a blank element in a link list 
(i.e., either a message is referenced or there are no messages 
Waiting for delivery at the priority level). This means a 
neWly arriving message that represents the only message at 
its priority level desiring deliver to a consumer must be 
either be entered into the master queue or dropped (i.e., a 
blank cannot be created for the only message for a particular 
consumer at a speci?c priority level). According to an 
extension of this design philosophy, the arrival of a neW 
message at a speci?c priority level that corresponds to the 
only message for the consumer at that priority level causes 
the eviction of another message from the master queue 
(preferably at a loWer priority, or, at a loWer priority level or 
else the neWly arriving message is dropped). An alternative 
design approach simply permits a reference array entry to 
reference a blank element. 

[0050] Note that in still further implementations, each 
cursor component may be designed to “jump” the cursor to 
the priority level of a neWly arrived message having a higher 
priority level than the current cursor position. For instance, 
if the cursor component is presently processing the P3 link 
list (because the cursor is pointing at priority P3), and, a neW 
message arrives at priority level P2 or P1, the cursor jumps 
to the higher priority level and the reference array references 
and fetches the neWly arrived message. 

[0051] Note also that each cursor component maintains its 
oWn cursor. That is, as seen in FIG. 3, cursor component 
321_1 maintains cursor 326 and cursor component 321_2 
maintains cursor 327. Therefore, multiple cursor compo 
nents 321_1, 321_2 run through their execution of the 
methodology of FIG. 4 so as to access the master queue 
independently of each other Which may (and in fact often 
does) result in the cursors of various reference arrays point 
ing to different priority levels and therefore different sec 
tions of the master queue (i.e., different link lists). 

[0052] In this case, essentially parallel access to the master 
queue by different cursor components is possible (i.e., 
different cursor components are processing different link 














